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(57) ABSTRACT

A removable applicator nozzle for use 1n treating a wound 1s
provided. The removable applicator nozzle includes a nozzle,
a valve and a cup. The nozzle includes a proximal portion, a
distal opening and a valve interface. The proximal portion of
the nozzle 1s engagable with a portion of a transducer of an
ultrasound wound therapy device. The distal opening of the
nozzle allows at least a portion of a tip of the transducer to
pass therethrough. The valve 1s engagable with the valve
interface of the nozzle and the valve selectively allows fluid to
flow therethrough. The cup includes an aperture and a punc-
turing device. The aperture 1s engagable with the valve and
the puncturing device 1s able to puncture a bottle that 1s
inserted on the cup. Fluid flows from the bottle, through the
aperture and the valve and onto a tip of the transducer. The
fluid 1s then moved to the distal opening of the nozzle by a
vacuum effect.

39 Claims, 6 Drawing Sheets
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REMOVABLE APPLICATOR NOZZLE FOR
ULTRASOUND WOUND THERAPY DEVICE

RELATED APPLICATIONS

This application 1s a continuation-in-part of and claims
priority to U.S. patent application Ser. No. 11/168620, filed
Jun. 27, 2005, which claims prionty to U.S. Provisional
Patent Application Ser. No. 60/693560, filed on Jun. 23, 2005.
The contents of each of the foregoing applications are hereby
incorporated by reference 1n their entirety.

BACKGROUND

Ultrasound waves have been widely used in medical appli-
cations. For example, ultrasound waves have been used for
diagnostic and therapeutic purposes, as well as 1n many
industrnial applications. One diagnostic use of ultrasound
waves 1ncludes using ultrasonic waves to detect underlying
structures 1n an object or a human tissue. In this procedure, an
ultrasonic transducer 1s placed 1n contact with the object or
tissue and a coupling medium 1s used to help eificiently
transmit the high frequency (1-10 MHz) ultrasonic waves that
are directed 1nto the tissue. Upon contact with various under-
lying structures, the waves are reflected back to a recerver
adjacent the transducer. By comparison of the signals of the
ultrasonic wave as sent with the reflected ultrasonic wave as
received, an 1mage of the underlying structure can be pro-
duced. This technique 1s particularly useful for 1dentifying
boundaries between components of tissue and can be used to
detect irregular masses, tumors, and the like.

In addition to diagnostic uses, ultrasonic energy can be
used for therapeutic purposes. Two therapeutic medical uses
of ultrasound waves include aerosol mist production and con-
tact physiotherapy. Aerosol mist production makes use of a
nebulizer or inhaler to produce an acrosol mist for creating a
humid environment and delivering drugs to the lungs. Ultra-
sonic nebulizers operate by the passage of ultrasound waves
of sufficient intensity through a liquid, the waves being
directed at an air-liquid interface of the liquid at a point
underneath or within the liqud. Liquid particles are ejected
from the surface of the liquid into the surrounding air follow-
ing the disintegration of capillary waves produced by the
ultrasound. This technique can produce a very fine dense fog
or mist. Aerosol mists produced by ultrasound are preferred
over aerosol mists produced by other methods because a
smaller particle size of aerosol can be obtained with the
ultrasonic waves. Although ultrasonic nebulizers represent an
improvement over other nebulizer technologies, the use of
ultrasound energy in this context has certain limitations. One
of the major shortcomings of inhalers and nebulizers is that
the aerosol mist produced cannot be directed to a target area
without an air stream. However, the use of an air stream
decreases the efficiency of ultrasound, thus limiting the utility
and therapeutic applicability of ultrasound nebulizers.

Ultrasonic sprayers such as those sold by Sonic and Mate-
rials Inc., Misonix Inc., Sono-Tek Inc. (see, for example, U.S.
Pat. Nos. 4,153,201, 4,655,393, and 5,516,043) operate by
passing liquid through a central orifice of an ultrasound
instrument-tip. Major disadvantages of these sprayers
include non-umiform particle size, heating of liquid flow, and
less efficiency of the ultrasound waves.

Contact physiotherapy applies ultrasonic waves directly to
tissue 1n an attempt to produce a physical change in the tissue.
In conventional ultrasound physiotherapy, an ultrasonic wave
contacts the tissue via a coupling medium. Ultrasonic waves
produced by the transducer travel through the coupling
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medium and 1nto the tissue. The coupling medium 1s typically
a bath of liquid, a jelly applied to the surface to be treated, or
a water-filled balloon. Conventional techniques provide ultra-
sonic waves having an intensity of about 0.25 w/cm” to about
3 w/cm? at a frequency of about 0.8 to about 3 Megahertz. The
treatment 1s applied to a skin surface for about 1 to about 30
minutes, for multiple times a week. The coupling medium can
provide a cooling effect which dissipates some of the energy
produced by the ultrasonic transducer.

More importantly, a coupling medium or direct contact
between the tissue and ultrasonic transducer 1s desirable to
transmit the ultrasonic waves from the transducer to the skin
surface because ambient air 1s a relatively poor medium for
the propagation of ultrasonic waves.

Several beneficial effects have been reported from contact
ultrasound physiotherapy, such as, for example, the follow-
ing: local improvement of the blood circulation, heating of
the tissue, accelerated enzyme activity, muscle relaxation,
pain reduction, and enhancement of natural healing pro-
cesses. Despite these beneficial effects, current techniques of
medical physiotherapy using ultrasonic waves are limited
because the efficient transmission of the ultrasonic waves
used 1in these technologies requires direct contact between the
device and the tissue to be treated. This direct contact, even 1f
via a coupling medium, may be undesirable for certain medi-
cal applications.

The requirement of direct contact, with or without a cou-
pling medium, makes current contact physiotherapy methods
and devices undesirable and suboptimal for many therapeutic
uses. Although some tissue conditions may be physically
accessible to contact ultrasound devices, the use of contact-
mediated devices would be impractical and undesirable. For
example, fresh or open wounds resulting from, for example,
trauma, burns, and surgical interventions are not suitable for
direct contact ultrasound treatment because of the structural
nature ol the open wound and the painful condition associated
with those wounds. Moreover, conventional contact ultra-
sound may have a destructive effect on these types of open
wounds due to the close proximity of an oscillating tip of an
ultrasonic transducer relative to the already damaged tissue
surface. Furthermore, open wounds are susceptible to infec-
tion and may already harbor significant bacterial and other
microbial growth. Direct contact with the wound may
increase the risk of contamination of the wound and/or the
risk of contaminating the device or 1ts operator.

Commonly-owned U.S. Pat. No. 6,569,099 discloses an
ultrasonic device and method for wound treatment, the entire
contents of which are incorporated herein by reference. This
patent discloses, inter alia, a device that sprays liquid particles
to a wound via an applicator. The liquid particles provide a
medium for propagation of the ultrasonic waves. In contrast
to prior art methods and devices for contact, ultrasonic phys-
iotherapy, the applicators and devices disclosed in the present
application, as well as the devices disclosed 1n U.S Pat. No.
6,569,099, provide non-contact methods for delivering ultra-
sonic energy via a liquid maist.

As can be appreciated, an improved applicator may be
desired to produce a more reliable and consistent flow of
liquid particles to a wound bed or site. The present invention
provides an improved applicator that can be used 1 non-
contact ultrasound therapy for the treatment of wounds.

SUMMARY

The present disclosure generally relates to the field of
ultrasound wound therapy devices, and more particularly
relates to a removable applicator nozzle for enabling a fluid to
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be sprayed towards a patient, thus providing a medium for
ultrasonic waves to travel through and penetrate the tissue to
a beneficial depth to provide bactericidal, therapeutic and
other effects. The fluid may also have beneficial properties
including bactericidal and/or therapeutic effects. Without
being bound by theory, the beneficial properties of the ultra-
sonic energy and/or fluid may be due to action of the fluid on
the surface of the wound and/or effects of the fluid following,
penetration of the tissue to a beneficial depth.

According to an aspect of the present disclosure, a remov-
able applicator nozzle for use 1n treating a wound 1s provided.
The removable applicator nozzle (referred to interchangeably
as an applicator) includes a nozzle, a valve and a cup portion.
The nozzle includes a proximal portion, a distal opening and
a valve interface. The proximal portion of the nozzle 1s eng-
agable with a portion of an ultrasound wound therapy device.
The distal opening of the nozzle allows at least a portion of a
transducer tip of the ultrasound wound therapy device to pass
therethrough. The valve 1s engagable with the valve interface
of the nozzle and the valve selectively allows fluid to flow
therethrough. The cup portion includes an aperture and may
optionally include a puncturing device. The aperture 1s eng-
agable with the valve and the puncturing device 1s able to
puncture a bottle or other fluid container that 1s inserted on the
cup portion.

In use, a bottle containing tluid 1s placed on the cup portion,
and the puncturing device punctures a hole 1n the bottle,
which allows fluid contained 1n the bottle to exit the bottle.
The fluid flows out of the bottle, through the valve and onto a
portion of the tip of the ultrasound wound therapy device. The
fluid drips from the nozzle to a top surface of the transducer
tip, drips/wraps around the transducer tip and then a vacuum
elfect takes place which moves the fluid forward to a distal
end face of the transducer tip.

It 1s envisioned for the fluid to drip onto a portion of the
ultrasound wound therapy device that 1s proximal to the dis-
tal-most portion of the tip of the ultrasound wound therapy
device. It1s also envisioned for the fluid to drip on or about the
most distal-most portion of the tip of the ultrasound wound
therapy device.

In another aspect, the invention provides methods for treat-
ing a wound. The methods are used to deliver ultrasonic
energy at a non-contact distance through a fluid spray to a
wound. The method comprises providing an ultrasound
wound therapy device including a transducer which emits
ultrasonic energy and providing an applicator. The applicator
comprises a nozzle including a proximal portion, a distal
opening and a valve interface. The proximal portion of the
nozzle 1s engagable with a portion of an ultrasound wound
therapy device, and the distal opeming allows at least a portion
of a transducer t1p of the ultrasound wound therapy device to
pass therethrough. The applicator further comprises a valve
comprising a valve opeming, an upper portion and a lower
portion. The lower portion 1s engagable with the valve inter-
face of the nozzle, and the upper portion 1s 1n fluid commu-
nication with a fluid source. The valve opening selectively
allows fluid to flow therethrough. Once the valve has been
opened and fluid has been permitted to tlow to the transducer
tip, the method includes activating the transducer to emit
ultrasonic energy. Fluid that flows onto a surface of the acti-
vated transducer creates a spray, and ultrasonic energy and the
fluid spray are emitted through the applicator and out of the
device. The emitted energy and spray are delivered to a
wound.

In certain embodiments, the transducer tip vibrates at a rate
ofabout 1 kHzto about 10,000 MHz. In certain embodiments,
the transducer tip vibrates at arate of about 30 kHz to about 50
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kHz. In certain other embodiments, the transducer tip vibrates
at a rate of about 40 kHz to about 45 kHz.

In another aspect, the mvention provides a kit. The kit
comprises an applicator, and a bottle containing a flmd. The
applicator 1s an applicator according to the present invention.
For example, the applicator includes a nozzle engagable with
a portion of an ultrasound wound therapy device, a valve, and
a cup portion.

The bottle 1s designed for use with an ultrasound wound
therapy device. The bottle 1s designed for use, for example,
with an applicator according to the present invention or for
use with related applicators. When designed for use with an
applicator according to the present ivention, the bottle 1s
s1zed and shaped to fit into a cup portion of the applicator. The
bottle 1s made of a material, for example plastic, so that it can
be punctured with a puncturing device or with a needle. The
bottle includes a flmd for use with an ultrasound wound
therapy device. The fluid 1s sterilized so that, in use, a spray of
a sterile solution can be administered to patients. Exemplary
fluids include, but are not limited to, sterile water, saline
solution, o1l, oxygenated water, or other 1sotonic or hyper-
tonic solutions. Exemplary fluids may, 1n certain embodi-
ments, further include drugs (e.g., therapeutic agents) such as
antibiotics, anti-fungals, anti-virals, growth factors, analge-
s1cs, narcotics, and the like, formulated 1n any of the forego-
ing fluids or in other pharmaceutically acceptable fluids
appropriate for the formulation of the particular drug. How-
ever, 1n certain embodiments, the fluid does not include a
drug.

In certain embodiments, the kit includes directions for use.
In certain embodiments, the kit includes one or more sanitary
swabs for cleanming one or more of the following: the surface
of the bottle, the cup portion of the applicator, the puncturing
device, the transducer assembly, or another portion of the
ultrasound wound therapy device.

DESCRIPTION OF THE DRAWINGS

The above and other aspects, features, and advantages of
the present disclosure will become more apparent 1n light of
the following detailed description when taken 1n conjunction
with the accompanying drawings 1n which:

FIG. 1 1s a perspective view of the removable applicator
nozzle of the present disclosure including a nozzle, a cup, and
a valve, the removable applicator nozzle being illustrated
operatively attached to a transducer of an ultrasound wound
therapy device and with a bottle inserted therein.

FIG. 2 1s a perspective view of the removable applicator
nozzle of FIG. 1.

FIG. 3 1s a perspective view of the cup and the valve of FIG.
1.

FIG. 4 1s a perspective view of a removable applicator
nozzle of an alternate embodiment partially inserted into a
transducer of an ultrasound wound therapy device.

FIG. 5 1s a perspective view of the removable applicator
nozzle of FIG. 4 illustrated fully inserted into the transducer

of FIG. 4.

FIG. 6 1s a cross-sectional view of a valve interface of the
removable applicator nozzle of FIGS. 2 and 4.

DETAILED DESCRIPTION OF VARIOUS
EMBODIMENTS

Embodiments of the presently disclosed removable appli-
cator nozzle will now be described 1n detail with reference to
the drawing figures wherein like reference numerals identify
similar or identical elements. As used herein and as 1s tradi-
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tional, the term *“distal” refers to that portion which 1s farthest
from the user while the term “proximal” refers to that portion
which 1s closest to the user. Further, as used herein, the word
“wound” refers to surface wounds, such as burns and skin
lesions; internal wounds, such as ulcers and surgical cuts due
to surgery; surgical incisions; injuries, ncluding broken
bones; and other conditions or applications requiring treat-
ment using ultrasound wound therapy.

In the figures, a removable applicator nozzle or applicator
according to an aspect of the present disclosure 1s generally

designated as reference numeral 100. Applicator 100 gener-
ally includes a nozzle 200 (FIG. 2), a cup 300 (FIG. 3), and a

valve 400 (FIG. 3). Referring to FIG. 2, the nozzle 200
includes a proximal portion 202, a distal portion 204, a plu-
rality of alignment slots 212, a distal opening 214, and a valve
interface 220 (also shown 1n FIG. 6). In an alternate embodi-
ment, the applicator 100 includes a chip housing 230 (see
FIGS. 4 and 5). The portion of the nozzle 200 that extends the
tarthest distally 1s distal tip 205.

It 1s envisioned for the applicator 100 1n accordance with
the present disclosure to be designed for use with an ultra-
sound wound therapy device, such as the device described 1n
U.S. Pat. No. 6,569,099, the entire contents of which are
incorporated herein by reference. The present disclosure 1s
also related to U.S. Pat. Nos. 6,478,754 and 6,663,554 and
U.S. patent application Ser. No. 09/684,044, the entire con-
tents of both patents and the patent application are incorpo-
rated herein by reference.

An exemplary ultrasound wound therapy device includes a
transducer assembly 500 operatively connected to a generator
(not shown). As described herein, the ultrasound wound
therapy device may further include an applicator 100 that can
be interconnected to the transducer assembly. Briefly, the
generator includes the components necessary to supply
power to the transducer assembly, and also contains a graphi-
cal user mtertace (GUI) for displaying information helpful to
the operator. The generator consists of three major functional
sections: the AC MAINS, the main board, and the GUI board.
The local AC MAINS 1s connected to an appliance inlet with
a hospital grade detachable power cord. The appliance inlet 1s
a power entry module listed for medical applications. In cer-
tain embodiments, the appliance inlet1s a power entry module
with an 115V/230V voltage selection, and 1s designed to
operate on 115 Vac and 60 Hz (e.g., for operation 1n North
America) or 230 Vac and 50 Hz (e.g., for operation in
Europe).

The MAIN board converts the secondary output voltage
from the MAINS transformer to the low voltage power rails
tfor the internal electronics and the drive voltage for the drive
clectronics to the transducer assembly. The MAIN board
contains a microprocessor that controls, measures, and moni-
tors the drive electronics. The transducer assembly connects
to the MAIN board. The microprocessor, referred to as the
engine, monitors the performance of the system and commu-
nicates the information to a second microprocessor located on
the GUI board. In certain embodiments, the engine commu-
nicates to the second microprocessor via a RS-232 commu-
nication link. In certain embodiments, the electronics drive
the ultrasound portion of the drive electronics with a push-
pull converter that has a feedback loop with a Phase Locked
Loop (PLL) to track the center frequency of the ultrasound
components.

The GUI board provides the graphical user interface for the
operator. A custom membrane switch panel with, for example
6 keys, allows the operator to select the functions and oper-
ating parameters of the system. A purchased graphical LCD
display, connected to the GUI board, can be used to display
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information to the operator. For example, mnformation about
the system’s status, mode of operation, and treatment time
can be displayed via the GUI. The GUI may have a back light
generator for the LCD on it. The GUI microprocessor runs the
system by controlling the human interface and runmng the
various algorithms to control the operation of the system. For
example, a treatment algorithm can be run on the GUI micro-
processor. In certain embodiments, the ultrasound wound
therapy device may include one or more of a timer to record
total treatment time, a timer to count-down from a selected
treatment time to zero, and an alarm to indicate that the total
treatment time has elapsed or that there 1s a problem with
some component of the device.

Now referring to FI1G. 3, the cup 300 includes a puncturing
device 302, a lower portion 304 with an aperture 306 extend-
ing therethrough, and may include an alignment structure
308. The cup 300 may be designed to hold at least a portion of
a bottle 600 (FIG. 1) therein. The bottle 600 generally holds a
fluid 602, which may be saline. The fluid may alternatively be
sterile water or some other 1sotonic or hypertonic solution or
combination of solutions. The fluid may consist entirely or
essentially of the saline or other similar solution, or the fluid
may optionally include a therapeutic drug. The fluid may
optionally be sterilized. The cup 300 may also include struc-
ture, such as mdent(s) 301, on the lower inside surface of the
bottle 600 as shown by FIG. 3 for enhancing the grip and fit of
the bottle 600 within the cup 300. When included, indent(s)
301 are configured for damaging the bottle 600 upon removal

of the bottle 600 from the cup 300, thereby preventing reuse
of the bottle 600.

The valve 400 1s also i1llustrated 1n FIG. 3. The valve 400
includes an upper portion 402, a lower portion 404 and a slot
406. The valve 400 selectively allows the fluid 602 from the
bottle 600 to pass therethrough and towards the nozzle 200. In
certain embodiments, 1t 1s envisioned for the valve 400 to be
separate or removable from the applicator 100. For example,
a removable valve may be designed to disengage from the
applicator when the applicator 1s detached from the remain-
der of the ultrasound wound therapy device following use.
Such a design and valve configuration could be used to pre-
vent reuse of an applicator. In other embodiments, the valve
400 1s not separate or removable, but rather 1s included and
integrated with the cup 300.

Reterring to FIGS. 1-3, the nozzle 200, the cup 300 and the
valve 400 mechanically engage with one another to form the
applicator 100. Specifically, the lower portion 404 of the
valve 400 fits over the valve interface 220 of nozzle 200; the
upper portion 402 of the valve 400 fits into the aperture 306 of
the cup 300. When mechanically engaged, the cup 300 1s
capable of turning approximately 90° with respect to an axis
A-A, as defined by the valve interface 220 (FIG. 2). Turming
the cup 300 adjusts the valve 400 from a closed position
where the fluid 602 cannot tlow through, to an open position
which provides a passage for the flow of the fluid 602. Turn-
ing the cup 300 back towards its original position closes the
valve 400.

With specific reference to FIGS. 1, 4 and 5§, the applicator
100 1s mechanically connectable with a transducer assembly
500 of an ultrasound wound therapy device, hereinafter
referred to as a transducer assembly. When activated, the
transducer assembly 500 produces ultrasonic waves having a
frequency of about 1 kHz to about 10,000 MHz. The ultra-
sonic waves deliver ultrasonic energy to a wound surface,
including below the wound surface, via a spray which acts as
the coupling agent for the ultrasonic energy as further
described below. The ultrasonic energy provides bactericidal,
therapeutic and other effects for decreasing the healing time
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for the wound as disclosed by U.S. Pat. No. 6,569,099, the
entire contents of which are incorporated herein by reference.
Without being bound by theory, the liquid spray delivered to
the wound may also have bactericidal, therapeutic, and other
eifects on wound healing at the surface of and/or below the
surface of the wound. In use, ultrasound energy emitted from
the transducer and a fluid spray produced when fluid 1s
dripped on a face of the transducer are delivered to a wound.

Specifically, the proximal portion 202 of the nozzle 200
slides over a distal portion 504 of the transducer assembly
500. The plurality of aligning slots 212 (1llustrated as two
slots) of the nozzle 200 engage with a plurality of aligning
pins 308 (FIG. 4) of the transducer assembly 500. When
connected, the distal end 506 of a tip 505 of the transducer
assembly 500 may extend distally of the distal opeming 214 of
the nozzle 200 but not to a location that 1s distal of the tip 205
of the nozzle 200. That 1s, when the transducer assembly 500
1s mnserted through the applicator 100, the distal end 504 of the
transducer assembly 500 extends between the distal opening,
214 and the distal tip 205 of the nozzle 200, such that the distal
dip 205 of the nozzle 200 i1s coaxially disposed about the
distal end 504 of the transducer assembly 500.

In use, the cup 300 1s inserted onto the “valve” 400 (as
shown 1n FIG. 3) and the valve 400 1s inserted onto the valve
interface 220 of the nozzle 200. The transducer assembly 500
1s then aligned and coupled with the nozzle 200, via aligning
slots 212 and alignment pins 508. The distal end 506 of the
transducer assembly 500 1s inserted through the proximal
portion 202 of the nozzle 200, continues through the distal
portion 204 of the nozzle 200, and out through the distal
opening 214 of the nozzle 200. The bottle 600 may then be
placed 1nto the cup 300. Upon 1nsertion of the bottle 600 1nto
the cup 300, the puncturing device 302 of the cup 300 punc-
tures a hole 1n the bottle 600. The aligning structure 308 may
assist the user in properly positioning the bottle 600 1n the cup
300. In certain embodiments, it 1s envisioned for the bottle
600 to be 1mnserted 1into the cup 300 prior to the applicator 100
being coupled with the transducer assembly 500. The 1nser-
tion of the cup 300 and valve 400 1nto the nozzle 200, the
coupling of the applicator 100 and the transducer assembly
500, and the 1nsertion of the bottle 600 into the cup 300 allow
the applicator 100 to be utilized vis-a-vis the transducer
assembly 500.

To utilize the applicator 100 with the transducer assembly
500, a user turns the cup 300 approximately 90°. The turning

of the cup 300 “opens” the “valve” 400 by aligning a valve
opening 222 (FIG. 6) with the hole in the nozzle 200 and

allows the fluid 602 to pass through the valve 400. The nozzle
200 1s specifically designed such that the fluid 602 drips
through the valve interface 220 of the nozzle 200 and onto the
tip 505 of the transducer assembly 500. The fluid 602 drips
onto a portion of the tip 505 that 1s proximal the location of the
distal end 506 of the tip 505 of the transducer assembly 500.

In a particularly useful embodiment, the valve opening 222
(FIG. 6) 1s appropriately sized to allow a desired amount of
fluid 602 to pass therethrough such that the fluid 602 that drips
onto the tip 505 of the transducer assembly 500 can wrap
around the circumierence of the tip 505. Such an effect 1s
known as the Babaev effect, or vacuum etfect, and creates a
capillary action that wicks or applies the fluid 602 around the
circumierence of the tip 505 of the transducer assembly 500.

It 1s envisioned for the diameter of the valve opening 222 to
be 1n the range of about 0.0277 inches to about 0.037 inches
and may be 1n the more specific range of about 0.031 1nches
to about 0.033 inches. Additionally, this size valve opening,
222 may generate relatively uniform particle sizes of flmd
602. The particle sizes may be approximately equal to 60 um
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in diameter. For example, the approximately uniform sized
particles may be approximately equal to 40 um, 45 um, 50
wm, 535 um, 60 um, or 65 um 1n diameter. It 1s also envisioned
for the tluid 602 to drip onto a front face 507 of the tip 505 of
the transducer assembly 500, as shown by FI1G. 4a o1 U.S. Pat.
No. 6,569,099 In use, it 1s envisioned for the fluid to drip onto
a Iront face of the vibrating transducer tip.

Once the valve 1s opened and fluid begins to drip onto the
transducer, a delay 1s needed for the fluid to coat the tip of the
transducer. Thus, 1 certain embodiments, a user may wait,
for example for approximately three seconds, for the fluid 602
to coat the circumierence of the tip 305 of the transducer
assembly 500 before he activates the transducer assembly
500. Thus, 1n certain embodiments, the user opens the valve
and allows fluid to begin to coat the transducer assembly prior
to activating the transducer (e.g., prior to turning the trans-
ducer on). To activate the transducer assembly 500, the user
engages the switch 3510. Two switches 510a, 5106 are
depicted 1n the figures (FIG. 1; and FIGS. 4 and 5, respec-
tively) and other types of switches 510 are also envisioned
and are within the scope of the present disclosure. Upon
activation of the switch 510, the tip 305 of the transducer
assembly 500 1s displaced between about 60 um to about 70
um as the tip 305 vibrates at a rate of about 1 kHz to about
10,000 MHz. In certain embodiments, the transducer tip
vibrates at a rate of about 30 kHz to about 50 kHz, or at a rate
of about 40 kHz to about 45 kHz. In certain embodiments, the
transducer tip vibrates at a rate of about 40 kHz. In any of the
foregoing, an exemplary ultrasound wound treatment device
modulates the transducer assembly so that the transducer tip
vibrates at a given rate that varies by less than or equal to plus
or minus 1 kHz.

Such a displacement provides the energy levels needed to
provide therapeutic benefits and may mimmize the aero-
solization of bacteria and/or other tissue exudates. The dis-
placement of the tip 505 causes a vacuum elfect between the
tip 505 of the transducer assembly 500 and the distal opening
214 of the nozzle 200, which moves the fluid 602 from the
circumierence of the tip 505 distally out through the distal
opening 214 of the nozzle 200. Upon exiting the applicator
100, the fluid 602 is 1n the form of a mist. Such a fluid maist
medium ameliorates the dissipation effect that ultrasonic
energy typically undergoes as ultrasonic waves travel 1n air.
Specifically, the impedance of air makes it a relatively poor
medium for the transfer of ultrasound energy. The use of a
liquid mist provides improved energy transier properties, and
thus promotes more efficient ultrasound energy transier. At
the same time, the use of a liguid mist, as described for the
non-contact devices disclosed herein, avoids the need for
direct contact with patient tissue.

The separation distance between the free end surface of the
transducer tip 505 and the surface or object to be sprayed
should be a non-contact distance of at least 0.1 inches (2.5
mm). Preferably, the separation distance 1s from about 2.5
mm to about 51 cm, more preferably, from about 15 mm to
about 25 mm. In certain embodiments, the applicator nozzle
extends distally beyond the transducer tip. Such a design has
numerous benefits including the prevention of inadvertent
patient or operator contact with the transducer tip. The non-
contact distance can similarly be described as the distance
between the distal-most edge 2035 of the nozzle 200 and the
surface or object to be sprayed. In certain embodiments, the
non-contact distance from the distal-most edge 205 of the
applicator nozzle 200 1s at least about 5 mm. In other embodi-
ments, the non-contact distance from the distal-most edge
203 of the applicator nozzle 200 1s from about 5 mm to about
15 mm.
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The tluid 602 to be sprayed and provided within the bottle
600 can be any appropriate carrier, such as saline, water
(regular or distilled), or o1l to be applied to tissue, such as a
vegetable, peanut, or canola oil, optionally with a soluble
pharmaceutical (e.g., an antibiotic), antiseptic, conditioner,
surfactant, emollient, or other active ingredient. The fluid 602
can also be a combination of two or more fluids and/or sub-
stances having microscopic particles, such as powder and the
like. Exemplary fluids include, but are not limited to, sterile
water, saline solution, o1l, oxygenated water, or other 1sotonic
or hypertonic solutions. Exemplary fluids may, in certain
embodiments, further include drugs (e.g., therapeutic agents)
such as antibiotics, anti-fungals, anti-virals, growth factors,
analgesics, narcotics, and the like, formulated 1n any of the
foregoing fluids or 1n other pharmaceutically acceptable flu-
1ds appropnate for the formulation of the particular drug.
However, 1n certain embodiments, the fluid does not include
a drug. The fluid may be sterilized so that, 1n use, a spray of a
sterile solution can be administered to patients.

As can be appreciated, the apparatus as described enables
a gravity feed system for delivery of the fluid 602 to the
transducer assembly 500. Such a system may not pressurize
the tfluid 602. Pressurization of the fluid 602 may create
inconsistent particle size and/or velocity, which may create
aerosolization.

It 1s envisioned for the bottle 600 of the present disclosure
to be eliminated and/or replaced with another structure for
delivering the fluid 602 to the transducer assembly 500, such
as a fluid bag (not shown). In such an embodiment, the fluid
602 may optionally be delivered to the transducer assembly
500 1n a pressurized state. Desirably, the pressurized fluid 602
in such an embodiment may be approximately equal to the
pressure of the flmd 602 exiting the bottle 600, as 1n the
previous embodiment.

This pressure may be relatively small and may be dictated
by the pressure associated with gravity and the size opening,
of the valve opening 222. This type of arrangement, using a
fluid bag as opposed to a bottle 600, may be useful 1n situa-
tions where the bottle 600 may interfere with accessing a
particular site. It may also be usetul to use a fluid bag in
situations where the transducer assembly 500 1s held n a
general vertical orientation and/or to allow for a greater
amount of fluid to be used (1.e., a fluid bag may be able to hold
more tfluid 602 than the bottle 600). Moreover, when the bottle
600 1s replaced with a fluid bag (or another suitable replace-
ment), the cup 300 and/or puncturing device 302 may not be
necessary.

It 1s envisioned for a plurality of valve opemings 222 to be
included in the applicator 100. A plurality of valve openings
222 may be particularly usetul to allow the tip 505 of the
transducer assembly 500 to be evenly coated with fluid 602,
especially when the transducer assembly 500 1s orientated 1n
a generally vertical direction.

It1s envisioned for the applicator 100 to include an aligning,
structure (not shown) for creating a uniform gap between the
t1ip 503 of the transducer assembly 500 and the distal opening
214 of the nozzle 200. This uniform gap may be 1n the range
of about 10 mm to about 20 mm with 18 mm currently being
used and may further ensure a proper vacuum efiect between
the tip 505 of the transducer assembly 500 and the distal
opening 214 of the nozzle 200.

In certain embodiments, the applicator and/or ultrasound
wound therapy device includes means for encouraging or
requiring that the applicator 100 be replaced following a
single use. Single use of the applicator 100 1s recommended
by the manufacturer to prevent non-sterile use and/or cross-
contamination between patients. In one embodiment, a mes-
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sage can be displayed by an LCD or other display located on
the ultrasound wound therapy device or on the applicator 100.
The message would be displayed after a single use of the
applicator 100, and the message would state that additional
use of the applicator 100 1s not allowed or recommended and
that the applicator 100 should be replaced with another appli-
cator 100. Alternatively, a light or alarm could be used to
remind the operator to replace the applicator 100 after a single
use.

The above messages and alarms are designed to remind and
encourage compliance with the recommended use of the
applicator 100 (e.g., the applicator should be used once and
discarded). Alternatively or additionally, the applicator or
ultrasound wound therapy device may include means for
preventing applicator reuse. In other words, the applicator or
ultrasound wound therapy device may include a mechanism
that inhibits or prevents an operator from using a single appli-
cator 100 to treat multiple patients and/or multiple wounds.
One such exemplary means for preventing applicator reuse 1s
depicted in FIGS. 4 and 5, and will be described 1n detail here.
Other exemplary means are contemplated and are described
throughout the present application.

An example of means to ihibit or prevent applicator reuse
1s depicted 1n FIGS. 4 and 3, an alternate embodiment of the
applicator 100 which includes a chip housing 230. The chip
housing 230 1s keyed to interlock with the switch 5105 of the
transducer. A IC chip (not shown) 1s housed within the chip
housing 230 and may be programmed to limit the number of
times the applicator 100 1s attached to the transducer assem-
bly 500. Specifically, the IC chip can provide a mechanism to
prevent reuse of the applicator 100 and/or to detect whether
an applicator 100 has been previously used. In certain
embodiments, this feature could help ensure that the applica-
tor 100 1s used only once or used for the treatment of only a
single patient. Methods for preventing reuse of applicators for
the treatment of multiple patients may help prevent potential
non-sterile use and/or possible cross-contamination between
patients.

In operation, the IC chip keeps count of the number of
times the applicator 100 1s attached to the transducer assem-
bly 500. To prevent any reuse, once the applicator 100 has
been attached, the IC chip transmits a signal to activate a
solenoid or other device (e.g., software) for positioning a
blocker to prevent the applicator 100, once removed, from
being re-attached to the transducer assembly 500. The signal
1s transmitted after the applicator 100 1s removed from the
transducer assembly 500. Thus, an operator would be unable
to use an applicator to treat a first patient, remove the appli-
cator for cleaning, and subsequently reattach the used appli-
cator to treat the same patient or a second patient. Other
functions of the chip are also envisioned and are within the
scope of the present disclosure. For example, 1n certain
embodiments, the IC chip i1s programmed to limit applicator
use to a certain number of times (e.g., to allow limited reuse).

The IC chip includes a power source, such as a battery, for
powering the IC chip and/or the solenoid. The IC chip can be
an ASIC and/or a combination of components, such as timing
circuitry; memory for storing data and the number of times
the applicator 100 has been attached to the transducer assem-
bly 500; battery; solenoid; control circuitry for activating the
solenoid; and a blocker 1n operative communication with the
solenoid.

To count the number of times the applicator 100 1s attached
to the transducer assembly 500, the IC chip includes a toggle
switch which 1s toggled every time the applicator 100 1s
attached to the transducer assembly 500. The toggling of the
toggle switch 1s sensed by the IC chip and causes the IC chip
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to 1ncrease 1ts count by one. If the count exceeds the prede-
termined number stored by the IC chip, following removal of
the applicator 100, the IC chip transmits the signal for acti-
vating the solenoid or software as described above.

It 1s envisioned for the applicator 100 to include an LCD or
other display for displaying the number of times the applica-
tor 100 has been attached to the transducer assembly 500. A
sterilization icon can also be displayed by the LCD or other
display. The sterilization icon 1s selected from a group of
pre-stored sterilization 1cons for informing the user that ster-
1lization of the applicator 100 1s or 1s not required, as well as
for informing the user that sterilization of the applicator 100
1s not recommended.

In certain embodiments of any of the foregoing aspects or
embodiments of the invention, 1t 1s also envisioned for the
switch 510 on the transducer assembly 300 to be able to
simultaneously open/close the valve 400 and activate/deacti-
vate the transducer assembly 500. When present, such a
switch 510 would allow a user to effectively utilize the trans-
ducer assembly 500/applicator 100 1n a singe motion (1.e., the
user would not first have to turn the cup 300 and then activate
the switch 510 of the transducer assembly 300). Use of a
solenoid valve (not shown) 1s one mechanism envisioned to
accomplish such utilization of the transducer assembly 500/
applicator 100.

It 1s further envisioned, for any of the aspects and embodi-
ments of the invention, for a single vent hole or a plurality of
vent holes 210 (FIG. 2) to be disposed on the nozzle 200. For
example, the nozzle may include two vent holes 210 config-
ured on opposing sides of the nozzle 200 (e.g., one vent hole
on each side of the nozzle). The vent holes 210 may help
provide a pressure relationship for the fluid and may help
provide the vacuum efiect. In certain embodiments, the one or
more vent holes have a diameter of about 0.05 inches to about
0.20 1nches. In certain embodiments, the one or more vent
holes have a diameter of about 0.075 inches, about 0.10
inches, or about 0.125 inches. In certain embodiments, the
one or more vent holes have a diameter of about 0.10 inches.
In certain embodiments of any of the foregoing, the diameter
of the one or more vent holes varies by less than or equal to
0.01 inches from the recited diameter. It 1s also envisioned for
the bottle 600 to include a plurality of vent holes (not shown).

As illustrated in FIGS. 1, 3, 4 and 5, the distal portion 204
of the nozzle 200 may be curved and/or contoured to focus
ultrasonic energy as well as to complement standing wave
potential. A similar characteristic 1s described 1n U.S. patent
application Ser. No. 09/774,145, the entire contents of which
are 1mcorporated herein by reference. This shape may also
limit inadvertent contact between the transducer tip 5035 and a
patient and/or a user of the transducer assembly 500.

The applicator 100 or ultrasound wound therapy device
500 can be provided with a laser or ultrasonic transducer for
measuring the non-contact distance or stand-off distance
from a wound surface. A feedback control mechanism can
also be provided for indicating whether the measured non-
contact distance 1s suitable for effecting optimum beneficial
bactericidal, therapeutic and/or other effects. The feedback
assembly 1s integrated with the transducer assembly and cor-
responding electronics housed within an ultrasonic generator
for obtaining the measured non-contact distance data and
processes the data to determine whether the measured non-
contact distance 1s optimum for treatment purposes.

If the non-contact distance 1s determined not to be the
optimum non-contact distance, the feedback control mecha-
nism can sound an audible alarm or display a message on a
display, such as the LCD display of the applicator 100. The
alarm or message can indicate 1f the non-contact distance
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should be decreased or increased. If the applicator 100/ultra-
sound wound therapy device 500 1s mounted to a robotic arm,
the feedback control mechanism can 1n turn control the
robotic arm for increasing or decreasing the non-contact dis-
tance.

For any of the foregoing or following applicators, methods,
devices, and kits, the invention contemplates that any of a
number of fluids may be used. Such tluids are delivered to a
face of the transducer and ultrasound energy generated by the
transducer produces a fluid spray. The fluid spray produced
using the applicators and the methods of the present invention
have a substantially uniform particle size. Exemplary fluids
include, but are not limited to, sterile water, oxygenated
water, saline solution, o1l, or other 1sotonic or hypertonic
solution. In certain embodiments, the fluid does not contain a
therapeutic drug (e.g., the flmd 1s substantially free from a
drug). In certain other embodiments, the fluid further includes
one or more therapeutic drugs such as antibiotics, anti-fun-
gals, anti-virals, growth factors, analgesics, narcotics, and the
like. When the fluid includes a therapeutic drug, the drug may
be formulated in any of the foregoing fluids (e.g., water,
saline, etc), or the drug may be formulated 1n another phar-
maceutically acceptable carrier appropriate for the formula-
tion of the particular drug. In certain embodiments, the fluid
(whether including a therapeutic drug or free from therapeu-
tic drug) further includes one or more preservatives appropri-
ate for extending the sheli-life of the flmd. In one embodi-
ment of any of the foregoing, the flmd (whether including a
therapeutic drug or iree from therapeutic drug) 1s sterile (e.g.,
the fluid 1s sterilized prior to or after 1t 1s added to the bottle).

Regardless of the particular fluid selected for use, the fluid
1s applied to a surface of a transducer of an ultrasound wound
therapy device, the ultrasound energy emitted from the trans-
ducer contacts the fluid and generates a fluid spray, and both
the emitted ultrasound energy and the fluid spray are deliv-
ered to a wound. Following delivery to the wound, the ultra-
sound energy and/or the fluid spray penetrate the wound and
have a therapeutic effect. Exemplary therapeutic eflects
include, but are not limited to, improve wound healing,
decrease healing time, and reduce or prevent infection. The
emitted ultrasound energy and the liquid spray are delivered
to the wound at a non-contact distance from the wound. In
other words, neither the transducer tip nor the nozzle contacts
the wound.

In certain embodiments, the liquid spray 1s delivered at a
temperature that does not result 1n substantial heating of the
wound tissue. This 1s a significant advance over other meth-
ods and devices and provides significant improvements for
patient comiort during treatment.

The present invention contemplates the use of numerous
fluid containers to contain the fluid prior to application to the
patient. In certain embodiments of any of the foregoing, the
fluid 1s contained within a bottle. When a bottle 1s used to
contain the fluid, the bottle may be s1zed and shaped to fit onto
a cup of an applicator. An exemplary bottle 600 containing

fluid 602 1s shown 1n FIG. 1.

In certain other embodiments, other fluid containers are
also contemplated. For example, a flmd bag may be used. A
fluid bag, for example the types of bags often used to deliver
intravenous fluids to patients, allows the delivery of a rela-
tively large volume of liqud. A fluid bag may be especially
usetul for treating large wounds where longer treatment times
and larger volumes of fluid are needed. When used, a tluid bag
may be attached directly to the valve, for example, via a
flexible tubing. In such embodiments, the cup portion of the
applicator 1s optional and the tluid bag can be interconnected




US 7,785,277 B2

13

directly to the valve (e.g., such that the fluid bag 1s 1n flmd
communication with the valve).

In certain other embodiments, a fluid container of virtually
any size or shape 1s contemplated. However, given that larger
containers are relatively heavy when filled with fluid, the fluid
container may be placed on a counter-top, cart, or hung from
a pole. In such embodiments, the fluid container may be
attached directly to the valve, for example, via a flexible
tubing. In such embodiments, the cup portion of the applica-
tor 1s optional and the fluid container can be interconnected
directly to the valve (e.g., such that the fluid bag 1s in flmd
communication with the valve). In one embodiment, the fluid
container rests or 1s aifixed to the same cart upon which the
ultrasound wound therapy device sits.

The applicators of the present invention provide substantial
improvements for the treatment of wounds. The applicators
provide for the production and delivery of a fluid spray of a
more uniform particle size. Additionally, the applicators are
disposable, and can be readily removed from the transducer
body and changed between patients. In certain embodiments,
the applicator 1s changed between each patient. Changing the
applicator between uses, such that each patient’s wounds are
treated with a 1fresh applicator, prevents contamination
between patients.

Given the potential benefits of using a new applicator
between patients, certain embodiments of the present inven-
tion include means for preventing applicator reuse. An
example of one such device, an IC chip, 1s detailed above.
Thus, 1n one embodiment of any of the foregoing, the appli-
cator and/or the ultrasound wound therapy device includes
means for preventing re-use of the applicator. Further
examples of devices and other means for preventing reuse of
the applicator include a timer. A timer could be used to pre-
vent the use of the device for greater than a specified, con-
secutive period of time. Once a particular pre-set time 1s
exceeded, the device shuts off and cannot be restarted until
the applicator 1s removed. Removal of the applicator and
replacement with a new, as yet unused applicator, 1s necessary
to re-set the timer and permit further use of the ultrasound
wound therapy device. For example, the maximum total treat-
ment time could be pre-set by the manufacturer for 35 min-
utes. Assuming that the vast majority of patients require treat-
ments of less than or equal to 30 minutes, a maximum total
treatment time of 35 minutes would significantly inhibit the
reuse of a single applicator to treat multiple patients. This
treatment time 1s merely exemplary. The manufacturer could
pre-set any maximum treatment time to help prevent applica-
tor reuse without significantly decreasing the ease of proper
use of the device. Additionally, the manufacturer could pre-
set the maximum treatment time based on the types of patients
and wounds typically encountered by a particular doctor,
wound care clinic, or hospital. For example, users who treat
patient populations with large, chronic wounds or with mul-
tiple wounds might have a device pre-set with a longer maxi-
mum treatment time to avoid exceeding the maximum treat-
ment time during the treatment of a single patient.

By way of another example of means for preventing appli-
cator reuse, the valve may include an expanding foam. The
foam may slowly expand over time so that the foam eventu-
ally occludes the valve and blocks the flow of fluid from the
bottle (or other fluid container) and through the valve to the
transducer tip. Alternatively, the foam may expand very rap-
1idly after a particular period of time. For example, the foam
may expand very rapidly approximately 35 minutes after the
foam 1s first contacted with tluid. A rapidly expanding foam
may be preferable to prevent changes 1n fluid flow character-
istics or drop size during the treatment time. Whether the
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foam 1s a slowly or rapidly expanding foam, the foam 1is
substantially inert such that its presence 1n the valve does not
contaminate the fluid.

Another exemplary means for preventing applicator reuse
involves the use of a radio frequency tag (RFID tag). Using an
RFID tag, the ultrasound wound therapy device can 1dentily
when an applicator 1s attached to the transducer assembly and
whether the applicator had been previously used (e.g., previ-
ously attached to a transducer assembly). In one embodiment,
an RFID tag may be placed on the applicator and an RFID tag
reader may be placed on the transducer assembly. The reader
1s 1nterconnected to a microprocessor in the ultrasound
wound therapy device and 1s capable of reading the RFID tag
in the applicator. In one embodiment, the reader 1s integrated
into the control tlow of the ultrasound wound therapy device
such that identification of an RFID tag on an unused applica-
tor by the reader 1s necessary before the transducer assembly
can be activated (e.g., 1snecessary to use the device). Once the
reader 1dentifies the RFID tag and i1dentifies that the applica-
tor 1s attached to the transducer assembly, the reader can
modily the RFID tag such that the applicator 1s marked as
“used.” If the applicator 1s detached from the transducer
assembly, and an operator attempts to reattach the used appli-
cator to the same or a different transducer assembly, the RFID
tag reader will identify the applicator as used and will not
allow activation of the transducer assembly. Thus, the RFID
tag prevents detachment and reuse of an applicator.

Numerous RFID technologies exist, and the invention con-
templates the use of various types of RFID tags. By way of
example, the RFID tag may be a passive RFID tag. Passive
RFID tags do not require a battery to operate and reflect data
to the reader. Generally, when passive RFID tags are used, the
reader (also known as a detector) pings the RFID tag (e.g., the
tag on the applicator) at one frequency and detects a tone
received at the same or at a different frequency. Passive RFID
tags can be relatively simple, for example, the tag may be a
coil with a capacitor forming a resonant circuit.

Another type of RFID tag that may be used 1n the devices
of the present mvention 1s a semi-active RFID tag. Semi-
active RFID tags contain an internal battery that improves the
strength of data transmission between the tag, 1n this case a
tag on the applicator, and the reader, 1n this case a reader on
the transducer assembly.

Yet another type of RFID tag suitable for use 1n the device
of the present invention 1s an active RFID tag. An active RFID
tag uses a battery to power both the recerver and the transmit-
ter 1n the RFID tag. Active RFID tags permit the longest
transmit range. Although such active tags may be used in the
present devices, the additional transmit range achieved using
this technology may be unnecessary given the relatively small
distances between the applicator and transducer assembly.

Additionally, 1n any of the foregoing, RFID tags may be
used to prevent activation of the transducer assembly until an
applicator has been attached to the transducer assembly. In
other words, prior to activation of the transducer assembly the
system detects the presence of the applicator by reading the
RFID tag on the applicator. If an applicator 1s not detected as
attached to the transducer assembly, the transducer assembly
cannot be activated. This mechanism may provide a safety
feature. Given that the applicator’s shape helps to shield the
transducer tip, the applicator helps protect patients and device
operators from inadvertent contact with the vibrating trans-
ducer tip. Thus, the use of an RFID tag or other mechanism
that requires applicator attachment prior to activation of the
transducer assembly provides an additional safety feature and
helps ensure that patients and operators derive the full pro-
tective benefits of the applicator design.
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The applicators of the present invention, as well as the
ultrasound wound therapy devices and transducer appara-

tuses disclosed herein and 1n U.S. Pat. Nos. 6,569,099, 6,478,
754 and 6,663,554, and U.S. patent application Ser. No.
09/684,044 allow for improved methods of wound care. Spe-
cifically, 1t has been shown that the devices outlined herein
and 1n the previous applications can be successiully used to
improve the treatment of wounds. The delivery of ultrasound

energy and a tluid spray from a non-contact distance results 1n
beneficial effects including, but not limited to, decreased
healing time, improved healing (e.g., more complete wound
closure), and decreased incidence of infection. Without being
bound by theory, this may be due to the ability of the emitted
ultrasound energy and/or the fluid spray to penetrate the
wound tissue to a beneficial depth. Additionally, action of the
ultrasonic energy and/or the fluid spray at the wound surface
may contribute to the therapeutic effect.

Regardless of the particular mechanism by which the deliv-
ery of ultrasonic energy and a fluid spray at a non-contact
distance improves wound healing and decreases infection, the
results are astounding. Briefly, emitted energy and the fluid
spray are applied to the wound for a treatment time propor-
tional to the size of the wound. The approximate size of the
wound 1s entered into the ultrasound wound therapy device
and the device sets a treatment time based on the size of the
wound. Generally, treatment times vary from approximately
5> minutes to approximately 30 minutes. However, shorter and
longer treatment times are contemplated. Once emitted
energy and fluid spray are emerging from the applicator, the
operator can direct the energy and spray to the wound. In one
recommended embodiment, the wound 1s treated by slowly
moving the applicator head back and forth and/or up and
down (at a non-contact distance) across the wound. The spray
pattern may be, for example, serpentine or substantially
checkerboard in pattern. This delivery method has two advan-
tages. First, this method helps insure that ultrasonic energy
and liquid spray are delivered to the entire wound. Second,
this method may help prevent operator fatigue that would
likely result 1f the device was held 1n substantially the same
place throughout the treatment. In one embodiment, the
applicator 1s held such that the ultrasonic energy and liquid
spray are delivered substantially normal to the surface of the
wound. Additionally, the spray pattern may include moving,
the applicator in-and-out relative to the wound surface (e.g.,
varying the distance from the wound while maintaining a
non-contact distance). Such a spray pattern helps ensure that
a wound, which varies in depth across its surface area, 1s
treated at an effective distance.

In one embodiment, the need for a human operator 1s
climinated. The transducer assembly 1s affixed to a robotic
arm programmed to direct the emitted energy and liquid spray
to the wound.

As outlined above, 1n certain embodiments the emitted
ultrasonic energy and fluid spray are applied to the wound for
a treatment time proportional to the size of the wound. In one
embodiment, the invention provides a treatment algorithm for
selecting treatment time based on the size of the wound. The
time for each treatment 1s selected based on the area of the
wound. The area of the wound 1s calculated by measuring the
length of the wound (at 1ts greatest point) and the width of the
wound (at 1ts greatest point and perpendicular to the length).
The length and width of the wound can be measured, for
example, 1n centimeters. The area of the wound (in square
centimeters) 1s calculated by multiplying the length times the
width of the wound. The treatment time 1s proportional to the
area of the wound.
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Based on the algorithm, the following treatment times may
be selected based on wound size: 3 minutes for wounds with
an area of less that 10 cm?; 4 minutes for wounds with an area
of 10-20 cm*; 5 minutes for wounds with an area of 20-30
cm”; 6 minutes for wounds with an area of 30-40 cm~; 7
minutes for wounds with an area of 40-50 cm?; 8 minutes with
an area of 50-60 cm~; 9 minutes for wounds with an area of
60-70 cm~; 10 minutes for wounds with an area of 70-80 cm*:
11 minutes for wounds with an area of 80-90 cm?*; 12 minutes
wounds with an area of 90-100 cm”.

In certain embodiments, the ultrasonic wound therapy
device 1s programmed with the algorithm. The operator enters
the wound size into the device using a keypad. A treatment
time 1s selected based on the wound size. In certain embodi-
ments, the ultrasound wound therapy device includes a timer
that counts down from the treatment time. When the treatment
time has elapsed (e.g., the timer has ticked down to zero), the
ultrasound wound therapy device may automatically shut off.
In other words, after the treatment time has elapsed, the power
shuts off and the transducer stops vibrating. It 1s appreciated
that a timer and automatic shut oif mechanism have utilities
apart from their use 1n conjunction with treatment times pro-
portional to wound size. Such timers may be used even 1n the
absence of a treatment time algorithm (e.g., a timer can be
used when the total treatment time 1s selected by the indi-
vidual operator). Additionally or alternatively, an alarm may
sound to alert the operator when the treatment time has
clapsed.

The above algorithm does not direct the frequency of treat-
ments. Furthermore, as the wound heals, the treatment time
may be reassessed and recalculated 1n accordance with the
decreasing size of the wound. Additionally, the above treat-
ment algorithm 1s only one way to select an appropriate
treatment time. Wounds may be treated for a longer or shorter
period of time than that recommended based on the treatment
algorithm.

The present invention contemplates a variety of kits. In one
embodiment, a kit includes an applicator (e.g., a nozzle, a
valve, and a cup) and a bottle sized and shaped to {it onto the
cup. The kit may optionally include directions for use and/or
one or more sterile swabs. The sterile swabs can be used to
wipe, prior to or alter use, one or more of: the bottle, all or a
portion of the applicator, all or a portion of the transducer, all
or a portion of the cup, the puncturing device, all or a portion
of the ultrasound wound therapy device.

In certain embodiments, the bottle includes a sterile fluid
suitable for use 1n the treatment of a wound. Any of the
foregoing kits may be sterilized prior to packaging such that
the contents of the kit are sterile. The kits can be marked to
indicate that they are intended for use with a single patient.

In another embodiment, the kit does not include a cup
portion. In such embodiments, the applicator includes a
nozzle and a valve. These kits may be specifically intended
for use 1n conjunction with a fluid bag. Optionally, this appli-
cator (nozzle and valve) may be packaged with a fluid bag
including a tluid, and with flexible tubing sized and shaped to
interconnect the tluid bag to the valve of the applicator. These
kits may optionally include directions for use and/or one or
more sterile swabs.

It 1s to be understood that the foregoing description 1s
merely a disclosure of particular embodiments and 1s 1n no
way itended to limit the scope of the disclosure. All opera-
tive combinations of any of the foregoing aspects and
embodiments are contemplated and are within the scope of
the invention. Other possible modifications will be apparent
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to those skilled 1n the art and all modifications will be appar-
ent to those 1n the art and all modifications are to be defined by
the following claims.

We claim:

1. An applicator for use in treating a wound, the applicator

comprising:

anozzle including a proximal portion, a distal opening and
a valve interface, the proximal portion being engageable
with a portion of an ultrasound wound therapy device,
the distal opening allowing at least a portion of a trans-
ducer t1p of the ultrasound wound therapy device to pass
therethrough, the valve interface defining an axis there-
through;

a valve comprising a valve opening, an upper portion and a
lower portion, the upper and lower portion being rotat-
able with respect to each other, the lower portion being
engageable with the valve interface of the nozzle, and
the valve opening allowing fluid to flow therethrough
and allowing fluid flow to be reversibly turned on and
off; and

a cup including an aperture, the aperture 1n fluid commu-
nication with at least the upper portion of the valve,

whereby, fluid can flow through the aperture of the cup,
through the valve and onto at least a portion of the
transducer tip of the ultrasound wound therapy device in
a manner that avoids aerosolization when contacting the
transducer tip.

2. The applicator according to claim 1, wherein when the
nozzle 1s engaged with said ultrasound wound therapy device,
the fluid drips on a portion of the transducer tip that 1s proxi-
mal to the distal-most portion of the tip of the ultrasound
wound therapy device.

3. The applicator according to claim 1, wherein the cup
turther comprises a puncturing device which 1s capable of
puncturing a bottle inserted onto the cup.

4. The applicator according to claim 1, wherein the cup
turther comprises an alignment structure which facilitates
positioning a bottle 1n the cup.

5. The applicator according to claim 1, wherein the cup
turther comprises at least one indent which enhances the fit of
a bottle 1n the cup.

6. The applicator according to claim 1, wherein the cup
turther comprises at least one indent which damages a bottle
when the bottle 1s removed from the cup.

7. The applicator according to claim 1, wherein the valve 1s
removable from at least one of the nozzle and the cup.

8. The applicator according to claim 1, wherein the cup 1s

rotatable with respect to the axis defined by the valve inter-
face.

9. The applicator according to claim 1, wherein the nozzle
turther comprises a distal tip, the distal tip being the portion of
the nozzle which extends farthest distally, at least a portion of
a transducer tip of the ultrasound wound therapy device
extends between the distal opening of the nozzle and the distal
tip of the nozzle.

10. The applicator according to claim 1, wherein the diam-
cter of the valve opening 1s in the range of about 0.027 inches
to about 0.037 inches.

11. The applicator according to claim 1, wherein the diam-
cter of the valve opening 1s in the range of about 0.031 1nches
to about 0.033 inches.

12. The applicator according to claim 1, wherein the diam-
cter of the valve opening causes tluid that travels therethrough
to have a diameter equal to about 60 um.
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13. The applicator according to claim 1, wherein when the
nozzle 1s engaged with said ultrasound wound therapy device,
fluid drips on a front face of the transducer tip of the ultra-
sound wound therapy device.

14. The applicator according to claim 1, further comprising
an 1tegrated circuit (IC) chip disposed on the applicator,
wherein the IC chip communicates with the transducer
assembly or ultrasound wound therapy device to limit the
number of times the applicator can be used with a transducer
assembly.

15. The applicator according to claim 1, wherein the appli-
cator 1s designed for use with a single patient and wherein the
applicator comprises means to prevent re-use of the applica-
tor.

16. The applicator according to claim 1, wherein the nozzle
further comprises at least one vent hole.

17. The applicator according to claim 1, wherein the nozzle
further comprises a plurality of aligning slots which facilitate
the alignment between the nozzle and a transducer assembly.

18. The applicator according to claim 1, wherein at least
one of the nozzle, the valve and the cup are disposable.

19. The applicator according to claim 1, further comprising
a bottle.

20. The applicator of claim 1, further comprising a radio
frequency 1dentification (RFID) tag disposed on the applica-
tor, wherein the RFID tag communicates with an RFID tag
reader to indicate the number of times the applicator has been
used and thereby limit the number of times the applicator can
be used with the transducer assembly.

21. The applicator according to claim 1, wherein the cup
contains a single puncturing device.

22. The applicator according to claim 1, wherein the fluid
flows via gravity feed.

23. The applicator according to claim 8, wherein rotating,
the cup adjusts the valve from a closed position, to at least a
partially open position.

24. The applicator according to claim 8, wherein the cup 1s
configured to be rotated by a switch on a transducer assembly.

25. The application of claim 15, wherein the valve further
includes an expandable foam.

26. The applicator according to claim 16, wherein the cup
contains a single puncturing device.

277. The applicator according to claim 16, wherein each of
the one or more vent holes has a diameter of about 0.035 inches
to about 0.20 inches.

28. The applicator according to claim 19, wherein the
bottle 1s mserted onto the cup.

29. The applicator of claim 19, wherein the bottle includes
a sterilized tluid.

30. A method for promoting wound healing comprising the
steps of:

providing a transducer which emits ultrasonic energy;

providing an applicator comprising:

a nozzle including a proximal portion, a distal opening,
and a valve interface, the proximal portion being
engageable with a portion of an ultrasound wound
therapy device, the distal opening allowing at last a
portion of a transducer tip of the ultrasound wound
therapy device to pass therethrough,

a valve comprising a valve opening, an upper portion
and a lower portion, the upper and lower portion being
rotatable with respect to each other, the lower portion
being engageable with the valve interface of the
nozzle, the upper portion being 1n fluid communica-
tion with a fluid source, and the valve opening allow-
ing fluid to flow therethrough and allowing fluid tlow
to be reversibly turned on and off, and
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a cup including an aperture, the aperture in fluid com-
munication with at least the upper portion of the
valve; and activating the transducer to emit ultrasonic
energy; and

turning the cup to selectively allow fluid to flow from the

fluad source through the valve opening towards a portion
of the transducer; wherein, following contact of said
portion of the transducer with said fluid and activation of
the transducer, a spray having consistent particle size
and velocity 1s generated, and wherein the emitted ultra-
sonic energy 1s delivered to the wound through the fluid
spray at a non-contact distance of atleast 0.1 inches from
the wound.

31. The method according to claim 30, wherein when the
transducer 1s activated, the transducer tip vibrates at a rate of
about 1 kHz to about 10,000 MHz.

32. The method according to claim 30, wherein the fluid
source 1s a bottle containing fluid.

33. The method according to claim 30, wherein the emitted
ultrasonic energy and the fluid spray are delivered to the
wound for a treatment time which 1s proportional to the size of
the wound.

34. The method according to claim 30, wherein the emitted

ultrasonic energy and the fluid spray are delivered to the
wound by moving the applicator 1n a serpentine or checker-
board pattern relative to the wound.

35. The method according to claim 30, wherein the fluid
source 1s a tluid bag.

36. The method of claim 30, wherein the step of turning the
cup to selectively allow fluid to flow from the fluid source
through the valve opening towards a portion of the transducer
1s performed before the step of activating the transducer.

37. The method of claim 30, wherein one or more vent
holes are disposed on the nozzle.

38. The method of claim 30, wherein the cup contains a
single puncturing device.

39. The method of claim 30, wherein the fluid 1s not pres-
surized.

40. The method according to claim 31, wherein the trans-

ducer tip vibrates at a rate of about 30 kHz to about 50 kHz.

41. A kit comprising, an applicator comprising;:

anozzle including a proximal portion, a distal opening and
a valve interface, the proximal portion being engageable
with a portion of an ultrasound wound therapy device,
the distal opening allowing at least a portion of a trans-
ducer t1p of the ultrasound wound therapy device to pass
therethrough, the valve interface defining an axis there-
through,

a valve comprising a valve opening, an upper portion and a
lower portion, the upper and lower portion being rotat-
able with respect to each other, the lower portion being
engageable with the valve interface of the nozzle, and
the valve opening allowing fluid to flow therethrough
and allowing fluid flow to be reversibly turned on and
off, and

a cup including an aperture, the aperture in communication
with at least the upper portion of the valve; and

a bottle, wherein the bottle 1s not pressurized.

42. The kit according to claim 41, further comprising
instructions for use and one or more sterile swabs for cleaning
one or more of a surface of the bottle, a portion of the appli-
cator, a puncturing device, or a portion of an ultrasound
wound therapy device.
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43. The kit according to claim 41, wherein the bottle
includes a fluid and the fluid 1s sterilized.

44. The kit according to claim 41, wherein the cup further
comprises a puncturing device which 1s capable of puncturing
a bottle mserted onto the cup.

45. The kit according to claim 41, wherein the cup further
comprises an alignment structure which facilitates position-
ing a bottle 1 the cup.

46. The kit according to claim 41, wherein the cup further
comprises at least one indent which enhances the fit of a bottle
in the cup.

4'7. The kit according to claim 41, wherein the cup further
comprises at least one indent which damages a bottle when
the bottle 1s removed from the cup.

48. The kit according to claim 41, wherein the applicator 1s
designed for use with a single patient and wherein the appli-
cator comprises means to prevent reuse of the applicator.

49. The kit according to claim 41, wherein the bottle
includes a fluid and the fluid 1includes a therapeutic drug.

50. The kit according to claim 41, wherein the bottle
includes a fluid and the fluid comprises saline.

51. The kit according to claim 41, wherein the bottle
includes a fluid and the fluid consists of saline.

52. The kit according to claim 41, wherein the bottle
includes a tluid and the flud does not include a therapeutic
drug.

53. The kit according to claim 42, wherein the kit 1s labeled
as intended for use with a single patient.

54. The kit according to claim 44, further comprising
instructions for use and one or more sterile swabs for cleaning
one or more of a surface of the bottle, the cup portion of the
applicator, the puncturing device, or a portion of an ultra-
sound wound therapy device.

55. The kit according to claim 50, wherein the bottle
includes a tluid and the flud does not include a therapeutic
drug.

56. A kit comprising, an applicator comprising:

a nozzle including a proximal portion, a distal opening, and

a valve interface, and at least one vent hole, the proximal
portion being engageable with a portion of an ultrasound
wound therapy device, the distal opening allowing at
least a portion of a transducer tip of the ultrasound
wound therapy device to pass therethrough, the valve
intertace defining an axis therethrough, and

a valve comprising a valve opening, an upper portion and a

lower portion, the upper and lower portion being rotat-
able with respect to each other, the lower portion being
engageable with the valve interface of the nozzle, and
the valve opening allowing fluid to flow therethrough
and allowing fluid flow to be reversibly turned on and
off; and

a fluid bag.

57. The kit according to claim 56, further comprising
instructions for use and one or more sterile swabs for cleaning
one or more of a surface of the fluid bag, a portion of the
applicator, or a portion of an ultrasound wound therapy
device.

58. The kit of claim 56, wherein each of the one or more
vent holes has a diameter of about 0.05 1nches to about 0.20
inches.

59. The method of claim 37, wherein each of the one or

more vent holes has a diameter of about 0.05 1nches to about
0.20 inches.
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